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METHOD AND APPARATUS FOR CONNECTING BROADBAND VOICE AND 
DATA SIGNALS TO TELEPHONE SYSTEMS 



5 Fjeld of the Tavention 

This invention relates to lelecommunicatioTis and more paiticulaily to systems and 
methods for use in connecting broadband voice and data signals to telephone networks. 

Back ground 

10 The increasing use of the Internet and other computer based conmnmicalions 

systems has lead to the development of systans and methods for providing higher 
bandwidth access over existing telephone lines. A conventional access loop from tbe 
Central Ofl&ce (CO), for example^ employs a twisted copper pair and tr an s m ission 
systems implementing technologies such as Digital Subscriber Line (DSL) have been 

15 developed to carry both voice and broadband data signal over such access loops. 

Due to the low pass filtering characteristics of a standard twisted pair telephone 
wire, the ampUtude of a received signal is attenuated more for higlier frequency signals 
than for lower frequency signals. As a result, the received high frequency data signal is 
smaller in amplimde than the low frequency voice signal. In a system which contains 

20 both voice and data on the same twisted pair wire, most of the dynamic range of the 

signal is used by the larger (i.e. less attenuated ) voice signal Typical interface systems 
incorporate a circuit to separate the data band and the voice band signals directly at the 
line connection point and use duplicate circuitry for each separate signal band. For 
example, US patent 6,035,029 which issued March 7, 2000 to Little et al describes a 

25 system in which a network interface unit at the customer premise separates the Plain Old 

Telephone Signal (POTS) from the data signal and each is processed separately. Circuits 
of this type typically contain an expensive transformer and the duplication of components 
in general adds to the system cost and power requirements. 

Since the voice and data signals in such systems arc full duplex (i.e. both transmit 

30 and receive at the same time on the same twisted pair wire), a fraction of the transmitted 
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signals frum both the voice and data bands appcais across the connection points to the 
twisted pair. The connection point is also known as the Tip and Ring. These unwanted 
signals mnsi be removed for proper signal reception. This is typically done in a voice 
only system using an analog circuit which subtracts the appropriate fraction of the 
outgoing (fraction transmit ) signal fix>m the incoming (receive + fraction transmit) 
signal. The resulting signal is the receive signal alone. This is known as a transhybrid loss 
circuit. 

Tn a voice only system, since the transmit fraction of the incoming signal is in the 
same amplitude range as the receive component of the incoming signal, the transhybrid 
loss circuit fnnction can be performed digitally after the analog to digital conversion 
without much compromise on the dynamic range of the analog to digital converter. This 
can be a large problem in a system which has a high frequency data signal, since the 
transmit fraction of the incoming signal is much larger than the receive component of the 
incoming signal. 

Summary of the Invention 

The present invention seeks to provide an interface system for coimecting 
broadband voice and data signals to a transmission medium such as a twisted pair for bi- 
directional communication without the voice band signals significantly affecting the data 
band signals and visa versa. 

The invention is suitable for, but not limited to, interfacing a DSL analog front 
end circuit xo a subscriber line in the presence of a voice band (DC - 4000h2) signal. 

Therefore in accordmce with a first aspect of the present invention there is 
provided: a method of temiinating an interface to a connection point in a communication 
system for communicating voice and data band signals over a common communications 
medium comprising: providing an analog filter in a voice band return loss circuit to 
prevent voice band interference on the data band signal. 

In accordance with a second aspect of the invention there is provided: a method of 
temiinating an interface to a connection point in a communication system for 
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coimnunicating voice and data band signal, over a common ccnnnunications n^edium 
coinprising: providing an analog filter in a data band return loS3 circuit to prevent data 
band interference on the voice band signal. 

In a further aspect there is provided: a method of tenninaiing an interface to a 
connection poim in a communication system for communicating voice and data band 
signals over a conunon communications medium comprising: providing a first analog 
fiUcr in a voice band return loss circuit to prevent voice band interference on the data 
band signal and providing a second analog filter in a data band return loss circuit to 
prevent data band interference on the voice band signaL 

Still fiirther, there is provided: a method of canceling a transhybrid component 
axid near end echo from a.data signal at an interface to a communjcation system for bi- 
directional communication of voice and data band signals over a common interface 
comprising: providing an analog circuit for removing the transhybrid component and near 
end echo from an incoming signal; and providing an analog data band filter for 
1 5 preventing data band interference on the voice band signal. 

Further still, there is provided: a termination circuit for a subscriber line interface 
connected to a transmission medium for bi-directional communication of both voice and 
data signals, said termination circuit comprising; detection means to detect voice and daU 
signals at a connection point to said transmission medium; a voice band retom loss means 
20 Tnonitoring said voice and data signals and generating a voice band return signal to be 

forwarded to said connection point, said return signal being a representation of said voice 
band signal; and a voice band filter connected to said retuixi loss means said voice band 
filter isolating said voice band return loss signal from said data band signal. 

Also, there is provided: a termination drcuit for a subscriber line interface 
25 connected to a transmission medium for bi-directional communication of both voice and 

data signals, said termination circxiit comprising; detection means to detect voice and data 
signals at a connection point to said transmission medium; a data band return loss means 
monitoring said voice and data signals and generating a data band return signal to be 
forwarded to said connection point, said data band return signal being a representation of 
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said data band signal; and a data band filter connected to said remm loss means said data 
band filter isolating said data band return loss signal from said voice band signal 

A termination circuit having both voice and data return loss circuits having voice 
band and data band filters respectively is also contemplated by the invention. 

5 

Brief pescriptiop of the Drawings 

The invention will now be described ii^ greater derail with reference to the 
anached drawing wherein Figure 1 is a block circuit diagram of the invention. 

10 Descrlptioix of the Invention 

Figure 1 is a block diagram illustrating at a high level the various circuits and 
components making up the invention. A line termination exists wherever something 
connects to a twisted pair wire. Any signal transmitted along the twisted pair wire would 
have a fraction of its signal reflected back to the source. This is known as a far cod echo. 

1 5 The amooat of the reflected signal is dependent on how closely the ternxination 

impedance matches the line impedance. Since a twisted pair of wire looks like different 
impedances for different frequencies, any termination circuit that is optimized for high 
jfrequency applications will not be optimized for voice band and vice versa. A physical 
termination suitable for both bands is generally not possible. A method of making a 

20 physical temiination look like it has a termination impedance different than the physical 

impedance is to have a fraction of the signal received at the tenninatian modified by a 
return loss circuit 1 14 and transmitted back out on the line. This modulates the line driver 
output impedance to make physical termination look different tiban without the 
modulation, 

25 Typically devices used for data will have a means of canceling the resulting far 

end echo which is reflected back to them, but most voice band equipment does not have 
any means of canceling echo reflected back to it. Therefore, anyone planning to do voice 
transmission mtist match the line impedai^ce better than someone doing just data 
transmission who could ignore how much far end echo they generate. 

30 The problem is that the return loss circuitry 114 used to match a line for voice 
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characxeristics can actaaUy interfere with the lusher frequency data signal. Ill 
provide a good termination for the voice hand without significantly affecting the data 
band signal, the invention uses a voice band filter 113 to isolate the effects of the 
modulation to the voice band. Similarly the return loss circuit 1 17 for the data band is 
5 ■ limited to only affecting the data band by the data band filter 1 1 6. 

Since systems requiring the presence of both voice and daU over the same twisted 
pair wire are required to produce only srialJ far end echo in the voice band, a circuit is 
required to reduce Ihc voice band far end echo generated. Since this requirement may 
degrade the data band signal performance, the invention incorporates a voice band filter 
10 1 13 to minimize the impact on the data band signal. This ability to provide a circuit 

which reduces far end echo in the voice band but has Uttle impact on tlic data band signal 
aUows for good voice band performance as well as a simpler data band receive circuit. . 

Since any bi-directional transmission along a twisted pair wire contains both the 
transmit and receive signals, a fraction of the outgoing signal across the outputs of 103 
15 . and 104 will appear across Tip 131 and Ring 132. This is referred to as the transhybrid 

component. Also any mismatch in the line termination on the transmit coimcction to the 
line and the actual line will result in a fraction of the outgoing signal being reflected back 
and added to the incoming signal. That fraction is called the near end echo. 

For voice band signals, Hxc transmit and receive signals are approximately the 
20 same amplitude range. Therefore, the incoming signal made up of the receive signal plus 

the near end echo plus the transhybrid component will not be much larger than 'die 
receive signal amplitude alone. Therefore, the resolution of the analog to digital converter 
required to digitize the voice signal with near end echo and transhybrid component does 
not have to be much better than thai required for the voice signal alone. The invention 
25 could perfoim near end echo cancellation and transhybrid component cancellation with 

either an analog circuit or a digital circuit after digitization. Therefore, for voice band 
signals this is generally not a problem. 

Since the transmit signal, across the outputs of 103 and 104, for data frequency 
band is quite large compared with its data band receive signal across Tip 1 3 1 and Ring 
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132. any transhybrid component or near end echo from its transmit signal may also be 
much larger Than iis receive signal especially for long wire lengths. Tf an analog to digital 
converter is eventually required to digitize the data band receive signal, the dynamic 
range of The analog to digital converter will have to allow for the receive data band signal 
5 as well as the near end echo and transhybrid loss. This Tcquircs the resolution of the 

analog to digital converter to be much better than that required for the data band receive 
signal alone. 

A typical solution would be to digitize the signal, using a high resolution analog 

to digital converter, and cancel the near end echo and transhybrid component in the 
10 digital domain. The invention uses an analog circtut 1 18 to perfoirn the transhybrid 

component estimation and near end echo estimation and subtracts them from the 

incoming signal to produce a new signal which is close to just the receive signal alone. 

The invention uses a data band filter 1 19 to limit the effects of the estimations to the data 

frequency band. This reduces the transhybrid component and near end echo to a point 
15 where the resolution of the analog to digital converter required to digitize the incoming 

data band signal does not require much more resolution than that required to digitize die 

data band receive signal alone. 

Analog to digital converters for the frequency range of the data band become very 

difficult to manufacture and are also very expensive for high resolution, therefore by 
20 reducing the resolution requirements of the analog to digital converter, the invention 

reduces overall system cost and improves mamifecturability. 

For any system required to deal with both voice and data over the same twisted 

pair wire, there will be both voice band and data band components on the incoming 

signal. Since the characteristics of the line produce a low pass filtering effect, the higher 
25 frequency data band signal is attenuated more than the lower frequency voice band signal. 

This results in the voice band receive signal having a larger amplitude than the data band 

receive signal. 

Therefore, for a system required to receive both voice and data signals, an analog 
to digital converter with a resolution much belter than that required if only the data band 
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receive signal was presented to the analog to digital convener is required, due to ihc 
differencG in the relative amplitudes of the voice band signal and the data band signal. 
This is a typical method in a system using both voice and data on the same twistedpair 



wire. 



5 One way of avoiding a very high resolution analog to digital converter is to use 

analog filters 125 and 126 to allow for the voice band and the data band respectively to be 
separated- This allows for the voice band and the data band to be digitized by two 
separate lower resolution analog to digital converters • Since the voice band analog to 
digital converters are less expensive than the wide band analog to digital converters for 

1 0 the data band, the combined cost of a voice band analog to digital con-verter and a low 

resolarion data band analog to digital converter will be less than the cost of an analog to 
digital converter with high enough resolution to digitize a signal containing borh voice 
band and data band components. 

A second way of avoiding a very high resolution analog to digital convextcx is to 

15 have the outputs of the filters 125 and 126 independently scaled and summed. This would 

provide a single output signal consisting of both the voice band and data band, but with 
tlie voice band and data band scaled such that they have approxinnately the same relative 
amplitudes. This allows for a single analog to digital converter to be used to digitized the 
voice band and the data band but without requiring the analog to digital converter to have 

20 a resolution much higher than that required for digitizing the data band signal alone. 

A third way of avoiding a very high resolution analog lo digital converter is by 
independently scaling and summing the voice band and data band signals of a system 
requiring both voice and data over the same twisted pair wire. 

While particular embodiments of the invention have been described and illustrated 

25 it will be apparent to one skilled in the art that that numerous variations can be made to 

these embodiments without departing significantly from the basic concept. It is to be 
imderstood, however, tliat such variations will be seen to fall within the full scope of the 
invention as defined by the appended claims. 
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Claims 

1 . A tenniiiation circiiit for a subscriber line interface connected to a 
transmission medium for bi-directional communication of both voice and data signals, 
said termination circuit comprising: 

detection means to detect voice and data signals at a connection point to said 
transmission medium; 

a voice band return loss means monitoring said voice and data signals and 
generating a voice band return signal to be forwarded to said connection point, said return 
signal being a rq^resentation of said voice band signal; and 

a voice band filter connected to said return loss means said voice band filter 
isolating said voice band return loss signal from said data band signal. 

2. A termination circuit for a subscriber line inierfBice connected to a 
transmission medium for bi-directional communication of both voice and data signals, 
said termination circuit comprising: 

detection means to detect voice and data signals at a connection point to said 
transnoission medium; 

a data band rctuin loss means monitoring said voice and data signals and 
generating a data band return signal to be forwarded to said connection point, said data 
band return signal being a representation of said data band signal; and 

a data band filter connected to said return loss means said daia band filter isolating 
said data band return loss signal firom said voice band signal. 

3. A termination circuit for a subscriber line interface connected to a 
transmission medium for birdirectional communication of both voice and data signals, 
said termination circuit comprising: 

detection means to detect voice and data signals at a connection point to said 
transmission medium; 

a voice band return loss means monitoring said voice and data signals and 
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generating a voice band return signal to be fonvarded to said connection point, said rctuni 
signal being a representation of said voice bartd signal; 

a data band return loss means monitoring said voice and data signals and 
generating a data band retam signal to be forwarded to said connection point said data 
band return signal being a representation of said data band signal; 

a voice band filter connected to said return loss means said voice band filter 
isolating said voice band return loss signal from ssiid data band signal; and 

a data band filter connected to said return loss data band means, said data band 
filter isolating said data band return loss signal from said voice band signal. 

4. A termination circtiit as defined in claims 1, 2 or 3 wherein said 
communications medium is a twisted copper pair. 

5. A termination circuit as defined in claims 1, 2, 3 or 4 wherein said bi- . 
directional communication is implemented utilizing a Digital Subscriber Line (DSL) 
scheme. 

6. A system for canceling a transhybrid component and a near end echo from 
a data band signal at an communicatioh system interface for bi-directional 
cpoDamunication of voice and data band signals over a common communication medium, 
said circuit comprising; 

an analog circuit to estimate said Iranshybiid component value and said near end 
echo value and to subtract said estimated values from an incoming data signal; and 
ah analog data band filter to restrict the estimation to said data band signal. 

7. A system as defined in claim 6 having an analog to digital converter for 
digitizing said incoming data signal after said transhybrid component and near end echo 
have been canceled. 
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8. A system as defined in claim 7 having a voice band filter and a data band 
filter 10 receive said incoTning signal, and to stparate said incoming signal into separate 
: band and data band signals for processing by separate analog to digital converters. 



voice 1 

9. A system as defined in claim 7 havmg scaling means to receive said 
incoming signal and to independently scale said voice band signal and said data band 
signal and to add the scaled signals prior to processing by said analog to digital converter. 

10. A system as defined in claim 7 having a voice band filter and a data band 
filter to receive said incoming signal, and to separate said incoming signal into separate 
voice band and databand signals, scaling means to scale each of said separated voice and 
data signals, and noeans to add said scaled voice and data band signals into a combined 
signal prior to processing by said analog to digital converter. 

11. A method of terminating m interface to a connection point in a 
communication system for corajnunicating voice and data band signals over a common 
communications medium comprising: providing an analog filter in a voice band return 
loss circuit to prevent voice band interference on the data band signal. 

12. A method of tenninating an inter&cc to a connection point in a 
communication system for communicating voice and data band signals over a common 
communications medium comprising: providing an analog filter in a data band return loss 
circuit to prevent data band interference on the voice band signal. 

13. A method of terminatijQg an interface to a connection point in a 
communication system for communicating voice and data band signals over a common 
communications medium comprising: providing a first analog filter in a voice band return 
loss circuit to prevent voice band interference on the data band signal and providing a 
second analog filter in a data band return loss circuit to prevent data band interference on 
the voice band signal. 
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14. A method of canceling a transhybrid component and near end echo from a 
data signal at an interface to a communication system for bi-directional communication of 
voice and data band signals over a common interface comprising: providing an analog 
circuit for removing said transhybrid component and near end echo firom an incoming 
signal; and providing an analog data band filter for preventing data band interference on 
the voice band signal. • ■ . . . 

1 5. The method of claim 14 further comprising the step of providing an analog 
to digital converter for digitizing said voice and data band signals. 

1 6. The method of claim 1 5 wherein said incoming signal after cancellation of 
transhybrid components and near end echo is separated into voice band and data band 
signals utilizing a voice band filter and a data band filter respectively and digitized by 
separate analog to digital converters. 

17. The method of claim 15 wherein said incoming signal after cancellation of 
transhybrid components and near end echo is. separated into voice band and data band 
signals, scaled as separate signals, added together to fonn a composite signal and 
digitized in an analog to digital converter. 

1 8 . The method of claim 1 5 wherein said incoming signal after cancellalioD of 
transhybrid components and near end echo is separated into voice band and data band 
signals utilizing a voice band filter and a data band filter respectively, said separate 
signals being scaled and added together as a scaled composite signal and digitized by an 
analog to digital convener. 

19. A system substantially as herein described with reference to Figure 1 of 
the accompanying drawings. 
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Abstract 



A system for use in connecting broadband voice and data signals lo communications systems 
such as the telephone system. Due to the low pass filtering characteristics of a standard 
twisted pair used in conventional telephone access loops data hand signals arc attenuated 
more than voice band signals. The present invention provides apparatus and methods for 
interfacing data and voice band signals to a common communications medium, such as a 
rwisted pair, while significantly reducing the influence of one ftcquency band on the other. 
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